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Evaluating the Eye Fatigue Problem in
Wafer Inspection
Mao-Jiun J. Wang and Chung-Lun Huang
Abstract—After develop inspection (ADI) and after etching in-
spection (AEI) are the main inspection tasks in the wafer man-
ufacturing fab. Because of the detailed and tiny circuit patterns,
ADI and AEI are carried out with the aid of a microscope. ADI
and AEI inspectors frequently complain about visual fatigue prob-
lems. In this study, we focused on evaluating the effects of display
mode, search pattern, and inspection strategy on visual fatigue and
inspection performance. A field study experiment was conducted.
The results indicated that the display mode had significant influ-
ence on visual fatigue. Using a liquid crystal display (LCD) to in-
spect wafer defects can reduce the visual strain and body discom-
fort feelings. The change in inspection strategy had a positive effect
on eye fatigue and inspection performance.
Index Terms—After etching inspection (AEI), eye fatigue,
inspection performance, semiconductor manufacturing, visual
search, wafer defects.
I. INTRODUCTION
THE SEMICONDUCTOR industry is one of the mostcapitally and technologically intensive industries. The
unit manufacturing process includes thin film, photolithog-
raphy, etching, and diffusion. Because of the complexity of this
manufacturing processes and the diversity of product types, the
effectiveness of the inspection task is very important in assuring
product quality and customer satisfaction. Two major inspec-
tion tasks are involved in the wafer production process, i.e. the
after develop inspection (ADI) and after etching inspection
(AEI). ADI and AEI inspectors use microscopes to examine
and classify the defects on the wafer. The engineers can make
use of this defect-type information for process control and
yield enhancement. The common defect types include particles,
scratches, residuals from the photoresistant material, bubbles,
contamination, chopping, etc. Today, many semiconductor
companies are using 0.13 m or smaller linewidth technology
to produce wafers. Some of the defects are not visible by human
eyes. It is, therefore, necessary to use magnification devices to
aid defect detection.
AEI and ADI inspection stations are commonly equipped
with microscopes. Although automated inspection systems,
such as the KLA 24XX series, are available, because of the
reduction in speed and the increased cost factors involved
with automated systems, most companies still rely on human
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inspectors to perform the ADI and AEI quality checks. Because
the Taiwan semiconductor industry works using the 12-h shift
system, the prolonged use of a microscope to search for de-
fects tends to cause eye fatigue problems. From a preliminary
inspector survey in a semiconductor manufacturing company,
over 80% of the AEI inspectors and over 65% of the ADI
inspectors frequently experienced the eye discomfort problems.
The symptoms include eye dryness, itching, redness, and
watery eyes. This is similar to the findings by Soderberg et al.
[1] that about 80% of the operators that engaged in full-time
microscope use experienced various visual strain symptoms. In
addition, improper microscope station design could also induce
excessive tension on the neck and back muscles [2]. To examine
the musculoskeletal discomfort and eye fatigue problems, a
field evaluation project was conducted to identify the causal
factors and propose countermeasures to enhance inspector
health, comfort, and performance. Based on these preliminary
investigations, we postulated that the visual information display
mode, search pattern for defects and inspection strategy adopted
by the inspectors were the main factors affecting inspector eye
fatigue and performance. Therefore, the objective of this study
was to evaluate the effects of these three factors on visual strain
measures and inspection performance for the AEI task. By
providing an optimal job and workstation design, the quality of
work and working life of inspectors can be improved.
II. METHOD
An experiment was conducted in the etching area of a semi-
conductor manufacturing company. Eighteen female AEI in-
spectors from the manufacturing department participated in this
study. The average age was 25.6 years old. The average working
experience in the wafer fab was 4.2 years.
In AEI inspection, the inspectors must first carry the wafer
container (pod) from the previous station to the AEI station
load port and register the lot number and product information
in the visual inspection management system. Each lot involves
25 wafers. Following the specified sampling plan, the wafers to
be inspected will automatically be picked and placed into po-
sition under the microscope object lens for the visual check.
The inspector must examine six dies at each of five prespec-
ified positions on each wafer (i.e. left, right, top, bottom, and
center). The inspector can adjust the magnification and illumi-
nation level whenever she feels necessary. The AEI inspection
station uses a Nikon Optistation-3A microscope.
A three-factor two-level experiment was designed. The three
independent variables included the display mode, search pat-
tern, and inspection strategy. For the original display mode, the
AEI inspectors look into the microscope eyepiece to search for
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Fig. 1. Two display modes of the inspection station.
Fig. 2. Two search patterns (clockwise versus S shape).
the defects on a wafer. To improve the inspector’s working pos-
ture and eyestrain, we proposed using a liquid crystal display
(LCD) to display the wafer circuit pattern image. The operator
simply fixates on the LCD to search and locate the defects. An
illustration of the two-AEI inspection station is shown in Fig. 1.
S-shaped and clockwise search patterns were proposed for the
visual search path each inspector adopts to examine the six dies
at each position on a wafer. An illustration of the two search
patterns is shown in Fig. 2.
The original work instructions directed inspecting six dies at
all five positions. From the historical quality inspection records,
most of the defects that were detected were located at the first
and second positions. Therefore, to reduce the eye use time, in-
stead of inspecting six dies, we proposed inspecting four dies at
the third, fourth, and fifth positions on a wafer. Fig. 3 illustrates
the two inspection strategies. T1 to T5 represent the five inspec-
tion positions.
The response measures included the following:
1) Objective visual strain measurements: Both the critical
flicker fusion (CFF) frequency and near point accommoda-
tion (NPA) were measured to assess the inspector’s visual fa-
tigue. Critical flicker frequency is a psychophysical test of the
visual temporal resolution. It measures the minimal number
of flashes of light per second at which an intermittent light
stimulus no longer stimulates a continuous sensation. The
equipment used for evaluating the CFF frequency threshold
was a CFF tester. The NPA measures the nearest focal point
through changing shape of the lens. An NPA tester was used
to take the diopter measurement.
2) Subjective assessments: Both body discomfort and eye
fatigue level were assessed. The subjective eye fatigue level
Fig. 3. Two inspection strategies (original versus new).
TABLE I
ANOVA RESULTS
was assessed using a 1–20 (from no fatigue to extreme fa-
tigue) rating scale. Body discomfort was assessed using a 1–5
(from no discomfort to extreme discomfort) rating scale.
Each inspector participated in eight experimental sessions
conducted over eight days. The experiment sequence was ran-
domized. Prior to the experiment, the inspector was instructed
on the purpose and procedures for this study. At the beginning
of each session, the subject first gave subjective assessments of
their visual and body discomfort. The objective eyestrain mea-
surements were taken using CFF and NPA. Both the subjec-
tive and objective measurements were used as the baseline data
for comparison. Each inspector then was asked to perform the
AEI inspection task. Twenty-four wafers were inspected. Three
wafers were sampled from each lot. Each inspector examined
eight lots from eight containers. This took about 1 h. The defec-
tive rate for inspecting wafers was about 25%. After the inspec-
tion task, both subjective and objective visual fatigue measures
and body discomfort ratings were taken again for data analysis.
The experiment time for one session was about 2 h.
III. RESULTS AND DISCUSSIONS
The ANOVA results that were statistically significant at
are summarized in Table I. The subjective body discomfort
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Fig. 4. Comparison of the change whole body discomfort ratings.
ratings indicated that neck and wrist discomforts were signif-
icantly affected by the display mode, inspection strategy, and
their interactions. Back discomfort was only significantly af-
fected by the display mode. The results indicate that using an
LCD to inspect wafers caused significantly less neck, wrist, and
back discomfort than the original microscope inspection method
(Fig. 4). The proposed inspection strategy of inspecting four
dies at the third, fourth, and fifth positions caused significantly
less wrist and neck discomfort than the original method of in-
specting six dies at all five positions. Fig. 1 displays the working
postures of both display modes, i.e., using an LCD to inspect
wafers and the original looking through microscope eyepieces
to inspect wafers. It is clear that using LCD inspection can pro-
mote a natural and relaxed posture, and thus, resulted in signifi-
cantly less neck, back, and wrist area discomfort. Although the
three evaluation factors did not show any significant influence
on subjective eye fatigue, a significant increase in eye discom-
fort was noted after the AEI inspection task compared with be-
fore the inspection task.
For the objective eyestrain measurements, the CFF threshold
was significantly affected by the display mode, inspection
strategy, and their interaction. NPA was only significantly
affected by the display mode. Fig. 5 demonstrates that using
an LCD to inspect wafers showed significantly less eyestrain
in NPA (0.25 diopter) than the original method (0.59 diopter).
Fig. 6 demonstrates that LCD use to inspect wafer defects
caused significantly less eyestrain in the change in CFF mea-
sure (2.11 Hz) than the CFF change (3.06 Hz) of looking
through the microscope to inspect wafer defects. Inspecting
four dies at the third, fourth, and fifth positions caused signif-
icantly less eye fatigue in CFF change (2.09 Hz) than the CFF
change (3.08 Hz) of the original inspecting six dies at the cor-
responding positions. Both objective eyestrain measurements
(CFF and NPA) suggest that using an LCD to inspect wafers
tends to have a positive effect on reducing eyestrain. Moreover,
the strategy of inspecting four dies at the third, fourth, and fifth
positions required significantly less inspection time than the
original strategy of inspecting six dies at the corresponding
Fig. 5. NPA change in two display modes.
Fig. 6. CFF change in two display modes and two inspection strategies.
positions, without loss of inspection accuracy. The display
mode did not show any significant influence on inspection time,
but the original method of looking through the microscope
tended to detect more defects than the newly proposed LCD
method. This may be because the inspectors were accustomed
to the original microscope inspection method with developed
cues for detecting defects effectively. It is believed that through
adequate training and experience, the inspectors will become
skillful in using the LCD for AEI inspection.
For future study, it is desirable to conduct the same experi-
ment for longer periods of time, e.g., 8 or 12 h, and to follow
up the observation and evaluation for one month to examine
whether the three independent variables have more pronounced
effect on eye fatigue and inspection performance. Another factor
that is worthy of further investigation is the work shift effect. It is
interesting to note whether the work shift system design, e.g. 8-h
shift versus 12-h shift, or rotating shift versus fixed shift would
have some influence on eye fatigue and inspection performance.
It seems some major research efforts are needed in this area to
enhance the quality of working life of the inspectors.
IV. CONCLUSION
The findings of this study can be summarized as follows:
1) Using an LCD to inspect wafer defects demonstrated a
positive effect on improving eye fatigue and reducing neck,
wrist, and back area discomfort. Although the inspectors
tended to detect more defects when using the original mi-
croscope inspection method, adequate on-the-job training
and sufficient experience may improve LCD inspection
performance.
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2) The strategy of inspecting four dies at the third, fourth,
and fifth positions caused a significant reduction in visual fa-
tigue and inspection time over the original approach of in-
specting six dies at the corresponding positions.
It is, thus, recommended that the equipment engineers at the
company consider changing AEI workstation design to include
an LCD to display circuit patterns on the wafers to facilitate
better working posture and reduced eyestrain. Additionally, it
is recommended to the manufacturing department to consider
adopting the proposed inspection strategy to reduce eye fatigue
level and inspection time. The efficiency and effectiveness of
wafer inspection job and quality of working life for the inspec-
tors can be enhanced using an LCD display.
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